Introduction
Virgin polyethylene (vPE) has filled a long-standing need for a material which would effectively insulate electrical cables without introducing electrical losses at high frequencies. The non-polar nature of the polymer makes it ideal for this purpose. About 10 % of the polyethylene produced is used for wire and cable insulation [1] . In the wire industries, reprocessing waste material arising from normal processing operations is a common practice. This procedure known as primary recycling is done because it allows processors to maintain at high efficiency of the production cycle. Although recycled polymers are generally used to produce goods for low value application, in primary recycling, it is possible to obtain high quality products. In fact, waste PE arising from the manufacturing operations is not contaminated. Therefore, it may be shown that properties of the products incorporating recycled polyethylene after the primary recycle were expected to drop but was believed able to retain the original virgin value or even perform higher. The influence of CB, silica and CaCO 3 on tensile and morphological properties of vPE/rPE)/EPDM blends were reported. Characterizations such as tensile properties and tensile fracture surface analysis were determined.
Experimental
Materials. A Commercially available vPE grade ETILINAS HD5218AA used in this study was supplied by Polyethylene Malaysia. The typical value for density of the PE is 0.952 g/cm³ with melt index of 18 g/10min according to ISO 1133-1981: Condition 4. The vPE is prepared in pellet form with good process cycles and melting point at 130 °C. rPE from Alfasya Jaya Sdn Bhd, located in Prai, Penang was used in this research (density 0.94 g/cm³). Inorganic compounds of rPE were investigated by X-Ray Fluorescene Spectrometer Rigaku RIX 3000 (Table 1) . EPDM, Mitsui EPT 3072E grade (40 parts oil extended) were supplied by Luxchem Trading Sdn. Bhd. Sample preparation. The barrel of the mixer was first cleaned by running through one cycle of neat vPE for 9 minutes. Parameters of the mixer were fixed, rotor speed at 50 rpm and barrel temperature at 180°C with total mixing time, 6 minutes. vPE or rPE was first charged into the mixing chamber immediately after the rotor started and was allowed to melt for 2 minutes. EPDM was then charged into the PE melt in the mixing chamber and continue the melt mixing for another 4 minutes. The composite was then taken out and setting to form a 2 mm thickness sheet using two roll mill. Table 2 shows the formulation used to study the effect of carbon black, silica and CaCO 3 as fillers in the filled vPE/rPE/EPDM blends. 
Measurements
Tensile properties. Mechanical properties of the blends were determined by an Instron 5582 100KN electromechanical tensile machine with series IX control system using ASTM D638-type 1 with speed of testing at 50 mm/min. Tensile strength, elongation at break and Young's modulus were recorded.
Morphology analysis. Morphology analysis of the blends tensile fracture surface was carried out using a scanning electron microscope (SEM), model Leica Cambridge S-360. Fractured surfaces of the specimens were coated with a thin gold layer of about 20 nm thickness to avoid electrostatic charging during examination.
Result and Discussion
Tensile properties. Tensile properties have been studied to determine the reinforcement effect of fillers on the elastic behavior of vPE/rPE/EPDM blends. The tensile strength and Young's modulus increase with increasing CB, silica and CaCO 3 content in vPE/rPE/EPDM blends but vice versa for CaCO 3 in tensile strength test ( Fig. 1 and 2 ). It can be seen that CB (N330) develops the higher tensile strength and Young's modulus in vPE/rPE/EPDM blends compare to silica and CaCO 3 . This is because of its relatively fine particle size and higher surface area for better dispersion, porous surface and higher reinforcing capability of CB which encourage the interaction between polymer chains and fillers [2] . This indicates that CB improves the stiffness of vPE/wPE/EPDM blends. For silica filled vPE/rPE/EPDM blends, as observed in Table 3 , although particle size for silica (vulcasil S) smaller than CB (N330) and therefore higher surface area, but the presence of polar silanol group (Si-OH) weaken the interaction between fillers and vPE/rPE/EPDM blends which known as non-polar composites [3] . Therefore, tensile strength and Young's modulus for silica in filled vPE/rPE/EPDM blends are slightly lower compare to CB. The addition of CaCO 3 decreases in the tensile strength with increasing in filler loading. The weak interaction bonding between CaCO 3 and vPE/rPE/EPDM blends is responsible for deterioration in tensile strength. Hence, it can be concluded that CB (N330) and silica (vulcasil S) are reinforcing fillers but CaCO 3 (2T-SA) is a non-reinforcing filler and can be incorporated for cost reducing purpose. However, tensile strength for silica and CB filled vPE/rPE/EPDM blends starts to decrease after 30 phr of filler loading. This could be due to the properties deteriorated due to the dilution effect or agglomeration of fillers and hence increase the particle-particle interaction of fillers. The graph shows that elongation at break increases slightly with increasing CaCO 3 content in filled vPE/rPE/EPDM blends but vice versa for CB and silica (Fig. 3) . This observation may be attributed to the non-reinforcement nature of CaCO 3 as explained earlier for tensile strength. On the contrary, the decreasing trend of elongation of break for CB and silica may be ascribed to the reinforcing nature of these fillers. In comparing between CB and silica filled vPE/rPE/EPDM blends, tendency for silica to increase the stiffness of rubber is more than CB, thus, silica filled rubber composite will break at lower value compare to CB. Under similar loading, it is obvious that CB is better dispersed as shown in Fig. 4(a) . This accounts for the observed reinforcement and hence improved mechanical properties. Silica has a good interaction with vPE/rPE/EPDM blends and provides a rough surface after sample tearing as shown in Fig. 4(b) especially at lower concentration. CaCO 3 , on the other hand, (Fig. 4(c) ), show poor dispersion which accounts for non-reinforcing properties. CaCO 3 particles give rise to much larger yield values and viscosities than does CB. This would seem due to stronger interparticle forces and particles polymer chain networks. CaCO 3 particles find a hydrocarbon rubber to be hostile environment; this leads to a strong tendency to agglomerate. 
Conclusion
Tensile strength and Young's modulus of filled vPE/rPE/EPDM blends increase with CB and silica loading up to about 30 phr of the filler. The elongation at break increases with increasing CaCO 3 content in filled vPE/rPE/EPDM blends but vice versa for silica. For CB filled vPE/rPE/EPDM blends, elongation at break increases with increasing CB content but decreases after 10 phr of fillers loading. SEM studies indicate that better dispersion and less agglomeration of CB and silica filled particles as compared to the CaCO 3 .
